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(57) ABSTRACT 

A liquid sample is irradiated With excitation light and mea 
surement light, and a measurement position at Which a trav 
eling path of the measurement light passes through an exci 
tation section of the excitation light in the sample is changed 
While the sample is being irradiated With the excitation light 
and the measurement light. Then, the phase change of the 
measurement light is measured for each measurement by 
optical interferometry on the basis of the measurement light 
after the measurement light passes through the sample. The 
measurement position is changed by, for example, scanning 
the excitation light, moving the sample, moving a lens that 
collects the excitation light in the sample so as to change the 
light-collecting position (focal position) in the sample, etc. 

19 Claims, 14 Drawing Sheets 
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PHOTOTHERMAL CONVERSION 
MEASUREMENT APPARATUS, 
PHOTOTHERMAL CONVERSION 

MEASUREMENT METHOD, AND SAMPLE 
CELL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a photothermal conversion 

measurement apparatus and a photothermal conversion mea 
surement method used in a process of analyZing, for example, 
a substance contained in a liquid sample to measure a prop 
erty change of the sample based on a change in the refractive 
index of the sample that is caused by a photothermal effect 
When the sample is irradiated With excitation light. The 
present invention also relates to a sample cell that contains the 
liquid sample to be analyZed. 

2. Description of the Related Art 
In the analysis of substances contained in samples, such as 

various kinds of liquid samples, it is important to increase the 
analytical sensitivity in order to reduce the amounts of 
reagents, to simplify the process of concentrating the 
samples, to improve the analytical e?iciency, and to reduce 
costs. 

On the other hand, When a portion of a sample is irradiated 
With excitation light, the irradiated portion absorbs the exci 
tation light and generates heat. This is called a photothermal 
effect, and a measurement of the thus generated heat is called 
a photothermal conversion measurement. 
As an example of a knoWn high-sensitivity analysis 

method by Which a sample is analyzed using the photother 
mal conversion measurement, a method that uses a thermal 
lens effect that occurs in the sample due to the photothermal 
effect (hereafter called a thermal lens method) is knoWn. 
An analysis apparatus using the thermal lens method (pho 

tothermal conversion spectroscopic analysis apparatus) is 
disclosed in, for example, Japanese Unexamined Patent 
Application Publication No. l0-2322l0. In this apparatus, 
detection light (measurement light) is caused to be incident 
on a sample and is collected such that the detection light 
passes through a pinhole. The intensity of the detection light 
that comes out from the pinhole is detected, and accordingly 
a change in the refractive index of the sample caused by heat 
generated by the sample When excitation light is incident on 
the sample is detected as a change in the state in Which the 
detection light is collected. 
On the other hand, according to Japanese Unexamined 

PatentApplication Publication No. 2004-301520, a change in 
the refractive index of a sample caused by a photothermal 
effect thereof is determined by measuring a phase change of 
measurement light that passes through (that is transmitted by) 
the sample by optical interferometry. 

Accordingly, even if the position of a photodetector (pho 
toelectric conversion means), the intensity of the measure 
ment light, and the intensity distribution of the measurement 
light differ for each apparatus, a change in the refractive index 
of the sample can be stably measured With high optical accu 
racy and sensitivity Without being in?uenced by such factors 
as long as they do not vary during the measurement. This 
solves the problems of the above-described thermal lens 
method. 
On the other hand, Japanese Unexamined Utility Model 

RegistrationApplication Publication No. 5-23072 discloses a 
technique for measuring a spectrum of a Fourier interference 
pattern obtained by a Fourier spectrometer With a high 
dynamic range. 
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2 
In addition, Japanese Unexamined Patent Application Pub 

lication No. 2000-356611 discloses a high-sensitivity analy 
sis method using the photothermal conversion measurement 
as an in-situ analysis technique that meets the needs for high 
speed, high-sensitivity detection of small amounts of biomol 
ecules in a microchannel. The analysis using the photother 
mal conversion measurement is knoWn to be effective in 
detecting, for example, a small amount of molecules after a 
measured substance is separated by chromatography, and 
various improvements have been suggested to increase the 
analysis speed and sensitivity. 

FIG. 17 is a schematic diagram illustrating a photothermal 
conversion measurement apparatus jXO as an example of a 
knoWn photothermal conversion measurement apparatus. 
The photothermal conversion measurement apparatus jXO 
Will be explained beloW With reference to FIG. 17. 
As shoWn in FIG. 17, the photothermal conversion mea 

surement apparatus jXO includes an excitation light source 
jl, a chopper j2, a dichroic mirror j3, a lens j4, a measurement 
light source j6, a half-Wave plate j7, a mirror j22, a polariZing 
beam splitter (PBS) j8, acousto-optical modulators j9 and j10, 
mirrors j11 and j12, polariZing beam splitters (PBS) j13 and 
j14, a mirror j15, quarter-Wave plates j16 and j18, a photode 
tector j17, a re?ection mirror j19, a polariZing plate j20, and 
a signal processor j21 . A sample cell j5 containing a sample to 
be analyZed is disposed at a predetermined position. The 
sample cell j5 contains the sample to be analyZed, and is ?lled 
With, for example, a sample dissolved in a solvent. In the 
folloWing description, if a solvent is contained in the sample 
cell, it is to be considered that the solvent is included in the 
sample cell. 
The excitation light source jl emits excitation light E. The 

excitation light source jl is, for example, a laser With a Wave 
length of 533 nm and an output of 100 mW (yttrium alumi 
num garnet (YAG) harmonic Wave). The excitation light E is 
converted into chopped light by a predetermined period by 
the chopper j2. Then, the excitation light E is re?ected by the 
dichroic mirror j3, passes through the lens j4, and is incident 
on the sample contained in sample cell j5. The sample con 
tained in the sample cell j5 absorbs the excitation light E and 
generates heat (photothermal effect), and the thus generated 
heat is absorbed by the solvent. Accordingly, the refractive 
index of the sample changes. 

Measurement light M for measuring the change in the 
refractive index of the sample is emitted by the measurement 
light source j6. The measurement light source j6 is, for 
example, a HeiNe laser With an output of 1 mW. The mea 
surement light M enters the half-Wave plate j7, Where the 
plane of polariZation of the measurement light M is adjusted, 
and is re?ected by the mirror j22. Then, the measurement 
light M is divided by the PBS j8 into tWo polariZed Waves M1 
and M2 that are perpendicular to each other. 

The polariZed Waves M1 and M2 enter the acousto-optical 
modulators j9 and j10, respectively, and are frequency-con 
verted. At this time, the frequencies of the polariZed Waves 
M1 and M2 are set so as to differ from each other by, for 
example, 30 MHZ. Then, the polariZed Waves M1 and M2 are 
re?ected by the mirrors j11 and j12, respectively, and are 
combined by the PBS j13. 
The polariZed Wave M2 in the combined Wave passes 

through (is transmitted by) the PBS j14, is re?ected by the 
mirror j15, and enters the PBS j14 again. Since the polariZed 
Wave M2 passes through the quarter-Wave plate j16 disposed 
betWeen the PBS j14 and the mirror j15 tWice, the plane of 
polariZation thereof is rotated by 90°. The polarized Wave M2 
is re?ected by the PBS j14 toWard the photodetector j17. 
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The polarized Wave M1 in the combined Wave is re?ected 
by the PBS j14, passes through the quarter-Wave plate j18, the 
dichroic mirror j3, and the lens j4, and is incident on the 
sample in the sample cell j5. In this apparatus, the polarized 
Wave M1 and the excitation light are incident on the sample at 
the same irradiation position in the sample cell j5. 

The polarized Wave M1 passes through the sample cell j5, 
is re?ected by the re?ection mirror j19, and returns to the PBS 
j14 along the same optical path as the optical path along 
Which the polarized Wave M1 travels to the sample cell. Since 
the polarized Wave M1 passes through the quarter-Wave plate 
j18 tWice, the plane of polarization thereof is rotated by 90°. 
Accordingly, the polarized Wave M1 is combined With the 
polarized Wave M2 When the polarized Wave M1 passes 
through the PBS j 14 and the combined light travels toWard the 
photodetector j 17. 

The polarizing plate j20 is disposed betWeen the PBS j14 
and the photodetector j17. In the polarizing plate j20, the 
polarized Wave M1 and the polarized Wave M2 interfere With 
each other as measurement light and reference light, respec 
tively. 

The photodetector j17 detects the interference light 
obtained by the polarized Waves M1 and M2 and outputs an 
electric signal representing the intensity of the interference 
light to the signal processor j21. 

The intensity of the interference light varies depending on 
a phase change When the polarized Wave M1, Which functions 
as the measurement light, passes through the sample cell j5. 
Accordingly, the phase change of the polarized Wave M1, 
Which functions as the measurement light, can be determined 
on the basis of the measurement result of the intensity of the 
interference light. Thus, a change in the refractive index of the 
solvent ?lling the sample cell j5 can be determined. 

In each of the structures described in Japanese Unexam 
ined Patent Application Publication Nos. 10-232210 and 
2004-301520, substantially the entire path along Which the 
measurement light travels in the sample is excited by the 
excitation light and an average property of the entire path of 
the measurement light in the sample is measured. Therefore, 
a property distribution in the sample, in particular, a property 
distribution along the depth of the sample from the surface 
thereof cannot be obtained. 
When the absorption spectral property of the sample is to 

be evaluated, a White light source is used as the excitation 
light source. White light emitted from the White light source 
is divided into spectral components and the measurement is 
performed each time the Wavelength range of the excitation 
light is changed. A typical White light source generally has a 
Wide light-emitting section, and therefore it is di?icult to 
collect light emitted from the White light source With high 
accuracy before irradiating the sample With the light. 

HoWever, the White light source cannot be used in the 
measurement using the thermal lens method described in 
Japanese Unexamined Patent Application Publication No. 
10-232210, since the excitation light must be collected With 
high accuracy before irradiating the sample thereWith in order 
to obtain the thermal lens effect. Therefore, a laser oscillator 
With a speci?ed Wavelength range must be used and it is 
dif?cult to evaluate the absorption spectral property of the 
sample. Although the absorption spectral property of the 
sample can, of course, be evaluated by the thermal lens 
method if a plurality of laser oscillators With different Wave 
length ranges or a laser oscillator With a variable Wavelength 
range is used, the structure of the apparatus becomes complex 
and the cost is increased in such a case. 

In addition, in the measurement using the thermal lens 
method described in Japanese Unexamined Patent Applica 
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4 
tion Publication No. 10-232210, the intensity of the excita 
tion light must be increased or the diameter of the pinhole 
through Which the measurement light travels after passing 
through the sample must be reduced in order to increase the 
measurement sensitivity. HoWever, if the intensity of the exci 
tation light is increased, electric poWer consumption and cost 
are also increased. In addition, if the pinhole diameter is 
reduced, a signal-to-noise (S/N) ratio is reduced due to a 
reduction in the amount of light received by the photodetector 
and the measurement time is increased. 

In addition, in the measurement described in Japanese 
Unexamined Patent Application Publication No. 2004 
301520, since an optical interferometer, in Which a relatively 
large number of optical devices must be arranged With high 
positioning accuracy, is used, the structure of the apparatus is 
complex. In addition, although the optical interferometer is 
largely in?uenced by disturbance noise, such as vibration, it is 
di?icult to reduce the disturbance noise. 
The accuracy of the analysis depends on the intensity of a 

detection signal that varies in accordance With the tempera 
ture change of the solvent. Therefore, it is desirable to obtain 
a high-intensity detection signal to increase the analysis accu 
racy. 

To obtain a high-intensity detection signal, it is necessary 
to cause the sample to generate a large amount of heat. In 
other Words, it is necessary to set the intensity of the excita 
tion light incident on the sample as high as possible. HoWever, 
if a high-intensity (high-brightness) light source is used as the 
excitation light source, electric poWer consumption and cost 
are increased. 

When the sample contained in the sample cell is measured, 
members other than the sample, such as a container member 
of the sample cell and the solvent enclosed therein, are also 
irradiated With the excitation light E emitted from the excita 
tion light source j 1. Therefore, if the Wavelength range of the 
excitation light includes the absorption Wavelength range of 
the container member or the solvent, a part of the excitation 
light is absorbed by the container member or the solvent, and 
accordingly the container member or the solvent generates 
heat. 

FIGS. 18A to 18C are graphs shoWing examples of optical 
absorption properties of a measurement sample, a container 
member, and a solvent, respectively. In each graph, the hori 
zontal axis shoWs the frequency of light (reciprocal of the 
Wavelength of light) and the vertical axis shoWs the optical 
absorptivity. The sample is linseed oil and the solvent is 
chloroform. 
As shoWn in FIG. 18A, the optical absorptivity of the 

sample (linseed oil) has peaks in frequency ranges of 1400 
cm“1 to 1470 cm“1 and 1710 cm“1 to 1770 cm_l. 
As shoWn in FIG. 18B, the container member e?iciently 

absorbs light With a frequency range of 1100 cm-1 or less. 
Therefore, if the excitation light has a component With a 
frequency of 1100 cm-1 or less, the container member 
absorbs a part of the excitation light and generates heat. 

In addition, as shoWn in FIG. 18C, light that is easily 
absorbed by the solvent (chloroform) has a frequency range 
of 1400 cm'1 to 1550 cm_l. Therefore, the solvent generates 
heat if the excitation light has a component With a frequency 
in the range of 1400 cm“1 to 1550 cm_l. 
When the solvent of the sample or the container member 

generates heat as described above, the signal input to the 
signal processor j21 includes a noise signal generated due to 
heat generated by the members other than the sample. Thus, 
the heat generated by the members other than the sample 
causes a reduction in the measurement accuracy of the heat 
generated by the sample. 
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Accordingly, frequency components of the excitation light 
other than those With frequency ranges (Wavelength ranges) 
that can be easily absorbed by the sample are preferably 
eliminated before the excitation light is incident on the 
sample. More speci?cally, in the example shoWn in FIGS. 
18A to 18C, components With frequency ranges of l 100 cm“1 
or less and 1470 cm-1 to 1550 cm-1 are preferably eliminated. 

SUMMARY OF THE INVENTION 

In vieW of the above-described situation, the present inven 
tion provides a photothermal conversion measurement appa 
ratus, a photothermal conversion measurement method, and a 
sample cell that produces the folloWing effects. 

That is, distribution of property change caused by the pho 
tothermal effect in a sample can be easily measured. 

In addition, the measurement of the property change 
caused by the photothermal effect in the sample including the 
measurement of the absorption spectral property of the 
sample can be performed With high sensitivity using a simple 
structure, and the in?uence of disturbance noise, such as 
vibration, can be reduced. 

In addition, high-accuracy measurement can be performed 
by increasing the intensity of the excitation light incident on 
the sample using a simple structure and With loW cost. 

In addition, high-accuracy sample analysis can be achieved 
by reducing heat generated by a container member that con 
tains the sample and a solvent enclosed therein. 

In order to achieve the above-described objects, the present 
invention provides a photothermal conversion measurement 
apparatus and a photothermal conversion measurement 
method for measuring a property change of a sample caused 
by a photothermal effect of the sample When the sample is 
irradiated With excitation light, Wherein a measurement 
light-emitting unit irradiates the sample With predetermined 
measurement light, a measurement-position- changing unit 
changes a measurement position at Which a traveling path of 
the measurement light passes through an excitation section of 
the excitation light in the sample, and the property change of 
the sample is measured for each measurement position on the 
basis of the measurement light after the measurement light 
passes through the sample. 

The property change of the sample is preferably measured 
on the basis of the measurement light by measuring a phase 
change of the measurement light that passes through the 
sample by optical interferometry, as described in Japanese 
Unexamined Patent Application Publication No. l0-2322l0. 
Alternatively, the property change may also be measured by a 
thermal lens method, as described in Japanese Unexamined 
Patent Application Publication No. 2004-301520. 

Since the measurement can be performed While changing 
the measurement position (position Where the path of the 
measurement light passes through the excitation section) in 
the sample, distribution of the property change caused by the 
photothermal effect of the sample can be measured. In par 
ticular, a change in the refractive index of the sample caused 
by the photothermal effect thereof can be measured on the 
basis of the phase change of the measurement light that passes 
through (is transmitted by) the sample by optical interferom 
etry. In such a case, even if, for example, the arrangement of 
devices, the intensity of the measurement light, etc., differ for 
each apparatus, the change in the refractive index (property 
change) of the liquid sample can be measured With high 
repeatability (stability), accuracy, and sensitivity Without 
being in?uenced by such factors as long as they to not vary 
during the measurement. 
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6 
The measurement position may be changed by, for 

example, changing the optical path of the excitation light 
(optical-path changing unit), moving the position of the 
sample (sample-moving unit) or a combination thereof. 
Accordingly, it is not necessary to move a device relating to 
the measurement light (device for measuring the phase 
change of the measurement light by optical interferometry) 
that has a large number of components, and therefore the 
structure of the apparatus is simple. 
More speci?cally, the optical path of the excitation light 

may be changed by changing an incident position and/or an 
incident direction of the excitation light that is incident on the 
sample in a direction that intersects an incident direction of 
the measurement light on the sample (?rst optical-path 
changing unit). Alternatively, the optical path of the excita 
tion light may also be changed by moving a lens, Which 
alloWs the excitation light to pass therethrough in substan 
tially the same direction as the incident direction of the mea 
surement light on the sample While collecting the excitation 
light, in substantially the same direction as the incident direc 
tion of the measurement light to change a focus position 
(light-collecting position) of the excitation light in the sample 
(second optical-path changing unit). 

In the former case (?rst optical-path changing unit), a 
portion Where the measurement light and the excitation light 
intersect in the sample (measurement position) is changed. In 
the latter case (second optical-path changing unit), only the 
focal position (light-collecting position) of the excitation 
light in the sample, Which changes as the lens is moved, serves 
as the main excitation section, and the excitation section 
(measurement position) is moved along the path of the mea 
surement light. 

In the former case, the optical path of the excitation light 
can be changed using a simple structure in Which, for 
example, a de?ection mirror for de?ecting the excitation light 
is slightly moved. HoWever, in this case, if the irradiation area 
of the sample is small, there is a risk that the incident position 
at Which the excitation light is incident on the sample in a 
direction that intersects the measurement light cannot be set 
Within the irradiation area. 

In comparison, in the latter case, the measurement light and 
the excitation light are incident on the sample along substan 
tially the same axis. Therefore, the measurement position can 
be changed even if the irradiation area of the sample is small. 

In addition, to measure the property change of the sample 
caused by the photothermal effect of the sample When the 
sample is irradiated With the excitation light on the basis of 
the measurement light that passes through the sample, the 
folloWing structures may be used. 

That is, tWo light-re?ecting units that re?ect light incident 
thereon may be arranged so as to face each other across the 
sample, at least one of the tWo light-re?ecting units alloWing 
a part of the incident light to pass therethrough. The tWo 
light-re?ecting units repeatedly re?ect the measurement light 
incident on the sample betWeen the tWo light-re?ecting units 
along one axis While alloWing the measurement light to pass 
through the sample. In addition, a light-intensity detector 
receives the measurement light that passes through the light 
re?ecting unit that alloWs a part of the incident light to pass 
therethrough in a direction aWay from the sample and detects 
the intensity of the received measurement light. 
The property change of the sample caused by the photo 

thermal effect thereof is measured on the basis of the result of 
detection of the intensity of the measurement light that is 
obtained each time the state in Which the sample is irradiated 
With the excitation light is changed. 
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The measurement light that reaches the light-intensity 
detector is a superposition of measurement-light components 
that travel betWeen the tWo light-re?ecting units, such as 
high-re?ection mirrors, different numbers of times. When the 
optical path length of the measurement light betWeen the 
mirrors is changed by the photothermal effect (change in the 
refractive index) of the sample, a larger phase shift occurs as 
the number of times of re?ection betWeen the mirrors is 
increased. Therefore, even a small change in the refractive 
index (optical path length) causes a large change in the detec 
tion signal from the light-intensity detector (light-intensity 
detection signal). As a result, the property change (change in 
the refractive index) caused by the photothermal effect of the 
sample can be measured With a higher sensitivity compared to 
the cases in Which the above-described thermal lens method 
and optical interferometry are used. In addition, such a high 
sensitivity measurement can be performed With a simple 
structure including tWo light-re?ecting units, such as high 
re?ection mirrors, arranged so as to face each other and the 
light-intensity detector. 

The fact that the change in the light-intensity detection 
signal is large relative to the change in the optical path length 
of the measurement light means that the in?uence of distur 
bance noise, such as vibration, is also large. On the other 
hand, the light-intensity detection signal is not supposed to 
vary once the excitation state of the sample becomes stable. 

Accordingly, a distance-adjusting unit may be provided to 
adjust a distance betWeen the tWo light-re?ecting units such 
that variation in the detection signal obtained by the light 
intensity-detecting unit is reduced. In such a case, the prop 
erty change of the sample can be measured With high accu 
racy Without being largely in?uenced by the disturbance 
noise, such as vibration. 

In addition, an intensity modulator for periodically modu 
lating the intensity of the excitation light incident on the 
sample and a periodic-component extractor that extracts a 
periodic component With the same period as the intensity 
modulation period of the excitation light from the detection 
signal obtained by the light-intensity detector may also be 
provided. 

In such a case, the refractive index of the sample varies With 
the same period as the intensity modulation period of the 
excitation light. Therefore, it becomes possible to measure 
only the change in the refractive index of the sample While 
eliminating the in?uence of noise that does not have the 
frequency component of the excitation light. As a result, the 
S/N ratio of the measurement can be increased. 

In addition, a variable spectroscopic unit that outputs light 
obtained by dividing White light into spectral components as 
the excitation light and that is capable of varying the Wave 
length range of the excitation light may also be provided. In 
such a case, the absorption spectral property of the sample 
may also be obtained by detecting the measurement light With 
the light-intensity detector each time the Wavelength range of 
the excitation light is changed by the variable spectroscopic 
unit. 

In the above-described photothermal conversion measure 
ment apparatus, the excitation light for causing the photother 
mal effect in the sample may be de?ected after the excitation 
light passes through the sample so that the excitation light is 
redirected to the sample. 

In this case, since the excitation light is redirected to the 
sample after the excitation light passes through the sample, 
the sample can be e?iciently irradiated With the excitation 
light having a certain intensity and a large amount of heat is 
generated by the sample. Accordingly, the analysis accuracy 
of the sample is increased. 
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8 
If the excitation light is redirected such that the excitation 

light is incident on the sample at the same portion as the 
portion at Which the excitation light is incident on the sample 
the ?rst time, a certain portion of the sample effectively 
generates heat. Alternatively, if a large area of the sample is to 
be irradiated, the excitation light may be incident on the 
sample at a portion different from the portion at Which the 
excitation light is incident on the sample the ?rst time. 

In addition, the excitation light is preferably collected 
before being incident on the sample When a small region of 
the sample is to be analyZed. In such a case, the region of the 
sample to be analyZed can be irradiated With high-density 
excitation light. 
The excitation light may be collected using, for example, a 

lens or a concave mirror. 

When a concave mirror is used to collect the excitation 
light, a concave mirror provided to de?ect the excitation light 
as described above may be used also for collecting the exci 
tation light. 

In addition, a sample cell that contains the sample may 
have a structure for de?ecting the excitation light. More spe 
ci?cally, the sample cell may have a container section that 
contains the sample and a re?ective surface provided on a side 
of the container section opposite to an incident side at Which 
the excitation light is incident on the container section, the 
re?ective surface re?ecting the excitation light after the exci 
tation light passes through the container section. 
The re?ective surface may have a concave mirror that 

collects the excitation light. In addition, the sample cell may 
also have a lens for collecting the excitation light on the 
incident side of the container section. 
As described above, if a solvent for dissolving the sample 

is contained in the sample cell, it is to be considered that the 
solvent is included in the sample cell. 
When the sample to be measured is contained in a prede 

termined sample cell (container member), the photothermal 
conversion measurement apparatus may also include a ?lter 
unit that reduces or eliminates a component With a main 
light-absorption Wavelength range of the sample cell from the 
excitation light. After the above-mentioned component is 
reduced or eliminated by the ?lter unit, the sample With is 
irradiated the excitation light to measure the property change 
(for example, the phase change of the measurement light 
incident on the sample cell). In addition, the photothermal 
conversion measurement apparatus may also include a ?lter 
unit that reduces or eliminates a component With a main 
light-absorption Wavelength range of an enclosing agent (sol 
vent or the like) enclosed in the sample cell together With the 
sample before the sample is irradiated With the excitation 
light to measure the property change. 

Accordingly, members other than the sample included in 
the sample cell are prevented from absorbing the excitation 
light, and therefore the measurement accuracy of the property 
change of the sample is increased. The ?lter unit preferably 
has a su?icient thickness in the incident direction of the 
excitation light so that the component of the absorption Wave 
length range can be suf?ciently reduced or eliminated. The 
?lter unit may include, for example, a Wavelength-selecting 
?lter like a bandpass ?lter and a sharp-cut ?lter. 
The ?lter unit may include a member made of the same 

material as the material of the sample cell or the enclosing 
agent. Typically, the ?lter unit includes an additional sample 
cell (With a su?icient thickness) in Which the sample is not 
contained. In such a case, the component With the light 
absorption Wavelength range of the sample cell can be reli 
ably reduced or eliminated by the ?lter unit. It is not necessary 
to use a member that is exactly identical to the sample cell as 
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long as the member is made of a material that is similar to the 
material of the sample cell and has an absorption Wavelength 
range including the main absorption Wavelength range of the 
sample cell. 

In addition, the ?lter unit may include an enclosing-agent 
container that contains an enclosing agent identical to that 
enclosed in the sample cell together With the sample (for 
example, a solvent of the sample). In this case, not only the 
component With the absorption Wavelength range of the con 
tainer member in the sample cell but also the component With 
the absorption Wavelength range of the enclosing agent 
enclosed in the container member may be reduced or elimi 
nated from the excitation light. The above-described addi 
tional sample cell may be used as the enclosing-agent con 
tainer. More speci?cally, the ?lter unit may include the above 
mentioned additional sample cell that is ?lled With the 
enclosing agent. 
When, for example, a xenon arc lamp is used as an excita 

tion light source and a sample cell made of glass is ?lled With 
aqueous solution of a coloring material that absorbs visible 
light region, the glass absorbs the ultraviolet light component 
of the excitation light and Water absorbs the infrared light 
component of the excitation light. In this case, a glass con 
tainer ?lled With Water is as the ?lter unit. 

The above-described structures may be considered as a 
photothermal conversion measurement method using the ?l 
ter unit according to embodiments of the present invention. 

According to the present invention, a sample is irradiated 
With excitation light and measurement light, and a measure 
ment position at Which a traveling path of the measurement 
light passes through an excitation section of the excitation 
light in the sample is changed While the sample is being 
irradiated With the excitation light and the measurement light. 
Since the property change of the sample is measured for each 
measurement position on the basis of the measurement light 
after the measurement light passes through the sample, dis 
tribution of the property change caused by the photothermal 
effect of the sample can be measured. In particular, When the 
phase change of the measurement light is measured by optical 
interferometry (relative optical method), the property change 
of the liquid sample can be measured With high repeatability 
(stability), accuracy, and sensitivity. 
When the measurement position is changed by changing an 

incident position and/ or an incident direction of the excitation 
light that is incident on the sample in a direction that intersects 
the incident direction of the measurement light, the measure 
ment position may be changed With a simple structure. 

Alternatively, a lens that alloWs the excitation light to pass 
therethrough in substantially the same direction as the inci 
dent direction of the measurement light on the sample While 
collecting the excitation light may be provided, and the focus 
position of the excitation light in the sample may be changed 
by moving the lens in substantially the same direction as the 
incident direction of the measurement light. In this case, the 
measurement position can be changed even When the irradia 
tion area of the sample is small. 

In addition, tWo light-re?ecting units may be arranged so as 
to face each other across the sample to repeatedly re?ect the 
measurement light incident on the sample betWeen the tWo 
light-re?ecting units along one axis While alloWing the mea 
surement light to pass through the sample and the intensity of 
measurement light that passes through at least one of the tWo 
light-re?ecting units may be detected. In this case, the fol 
loWing effects can be obtained. 

That is, even a small change in the refractive index of the 
sample causes a large change in the light-intensity detection 
signal, and therefore the property change (change in the 
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10 
refractive index) caused by the photothermal effect of the 
sample can be measured With high accuracy and sensitivity. 
Furthermore, such a high-sensitivity measurement can be 
performed With a simple structure. 

In addition, When a distance-adjusting unit that adjusts a 
distance betWeen the tWo light-re?ecting units such that 
variation in the light-intensity detection signal is reduced is 
provided, the property change of the sample can be measured 
With high accuracy While reducing the in?uence of distur 
bance noise, such as vibration. 

In addition, When the intensity of the excitation light inci 
dent on the sample is periodically modulated and a compo 
nent With the same period as the intensity modulation period 
of the excitation light is extracted from the light-intensity 
detection signal, the S/N ratio of the measurement can be 
increased. 

In addition, When light obtained by dividing White light 
into spectral components is output as the excitation light in 
such a manner that the Wavelength range of the excitation 
light can be varied and the measurement light is detected each 
time the Wavelength range of the excitation light is changed, 
the absorption spectral property of the sample can be easily 
measured. 

In addition, When the excitation light is de?ected such that 
the excitation light is redirected to the sample, the intensity of 
the excitation light incident on the sample can be increased by 
a simple method and With loW cost Without using a high 
intensity light source. Accordingly, the analysis accuracy of 
the photothermal conversion measurement can be increased. 

In addition, a ?lter unit may be provided to reduce or 
eliminate a component With a Wavelength range of light 
absorbed by the sample cell or the enclosing agent (solvent or 
the like) enclosed in the sample cell from the excitation light 
incident on the sample contained in the sample cell. In such a 
case, members other than the sample are prevented from 
generating heat, and therefore the measurement accuracy of 
the property change of the sample is increased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a photothermal conver 
sion measurement apparatus according to a ?rst embodiment 
of the present invention; 

FIG. 2 is a schematic diagram of a measurement-position 
scanning mechanism included in a photothermal conversion 
measurement apparatus according to a second embodiment of 
the present invention; 

FIG. 3 is a schematic diagram of a measurement-position 
scanning mechanism included in a photothermal conversion 
measurement apparatus according to a third embodiment of 
the present invention; 

FIG. 4 is a schematic diagram of a photothermal conver 
sion measurement apparatus according to a fourth embodi 
ment of the present invention; 

FIG. 5 is a diagram shoWing the relationship betWeen the 
optical path length of measurement light that travels betWeen 
tWo high-re?ection mirrors in the photothermal conversion 
measurement apparatus according to the fourth embodiment 
and the intensity of the measurement light re?ected or trans 
mitted by the high-re?ection mirrors; 

FIG. 6 is a schematic diagram of an excitation-light output 
unit using Fourier spectrum that can be used in the photother 
mal conversion measurement apparatus according to the 
fourth embodiment; 

FIG. 7 is a schematic diagram illustrating an example of a 
knoWn photothermal conversion measurement apparatus; 
























